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© Device for the administration of powdered medicinal substances. 

© This invention relates to a new inhaler for the local administration of powdered drugs to the respiratory tract 

The apparatus consists of a nozzie (1) and a main body (2) which itself defines a storage chamber (8) for the 
medicinal substance, a dosing means (14,17) which supplies precisely measured doses of the drug and a 
dispensing system (18,19) which pours the dose of the drug delivered into a collecting chamber (24). 

The cavity (4) of the nozzle (1) communicates with the collecting chamber (24) through a central channel (6) 
designed to reduce air flow resistance as much as possible. 

Lateral holes (23) provided in the body (2) of the inhaler aflow for the passage of air from the outside. 

Upon inhalation, a negative pressure is created in the chamber (24) in which the dose of powder delivered is 
collected, drawing an air inflow from the outside. 

The air flow is mixed with the medicinal substance particles and through the central channel (6), enters the 
cavity (4) of the nozzle (1 ) from where it is directly inhaled. 




Rank Xerox (UK) Business Services 



EP 0 451 745 A1 



This invention relates to an apparatus for the inhalation of powders to be used for the direct 
administration of drugs to the respiratory tract. 

The administration of drugs by inhalation plays an important roie in the treatment of respiratory 
disorders. 

5 The action of the drug is in fact more rapid and, moreover, prolonged by this route. Local administration 
to the target organ also means that it is possible to use much smaller quantities of the active principle, with 
less frequent side effects. 

The delivery systems available for local administration of drugs to airways are nebulizers, metered dose 
inhalers and powder inhalers. 
to Nebulizers provide effective treatment, but as a result of their dimensions they are restricted to 
domestic use. 

Metered dose inhalers are of small dimensions and are easily portable, but the correct use thereof 
requires perfect coordination of inhalation and of aerosol release, and thus many patients have difficulties in 
employing them properly. 

15 The dry powder inhalers constitutes a valid alternative for the administration of drugs to the airways. 

The essential advantage of powder inhalers is that they do not require coordination of movements, as 
release of the active principle is operated by the patient's inhalation. 

One common feature of powder inhalers is that they are activated by a turbulent air flow generated by 
the inhalation by the patient. 

20 This air flow created in the interior of the inhaler carries out the drug, contained in appropriate dosage 

units or chambers in the form of micronised powder. 

Devices for the inhalation of powders can be divided into two basic types according to the dispensing 
and delivery means for the active principle: 

I. Single doses inhalers for the administration of subdivided doses of the active compound enclosed in 
25 hard gelatine capsules. 

II. Multidose inhalers preloaded with quantities of active principle sufficient for complete treatment cycles, 
each single dose being distributed in a practical and rapicj manner at the time of use. according to the 
dosage programme, allowing, where required, for the administration of two doses simultaneously. 

The delivery apparatus is disposable at the end of the treatment cycle. 
30 As a result of their relatively complicated structural mechanisms, the inhalers of type I (examples of 
which are described in EP 41783 (Fisons), BE 813143 (ISF) t GB 2064334 and BE 886531 (Glaxo). EP 
147755 (Boehringer) and EP 271029 (Meet)) are relatively difficult for patients with poor. manual dexterity. 

Moreover, in view of the fact that the dose of the drug to be inhaled is enclosed in a capsule of gelatine, 
they present some significant disadvantages: 
35 - the inhalers have to be charged with the unit dose before each use and each time the operation is 
completed they must be empty and clean from any capsule and powder residue; 

- the capsule is often not splitted correctly on the first attempt and the patient has to perform several 
operations; 

- the capsule is often not emptied completely, and the dose delivered is not constant. 

40 An apparatus of type II, which, has proven to be advantageous for the administration of powdered 
medicinal substances, is described in the Applicant's British Patent No. 2041763. 
The apparatus consists essentially of the following elements: 

- a nozzle which is free to rotate on a main body; 

- a storage chamber for the medicinal substance, of such a volume that it contains a sufficient quantity 
45 of the drug for a complete treatment cycle; 

- a dosing means which, during each rotation through 180*. delivers one dose of the medicinal 
substance; f 

- a dispensing system which, during the rotation, pours the dose into a collecting chamber in 
communication towards the top with the cavity of the nozzle and towards the bottom with a ventilation 

so chamber, itself in communication with the outside by means of two symmetrical holes. 

In operation, the patient rotates the nozzle on the central body through 180°, thereby effecting 
distribution of the dose, then inhales via the nozzle, generating an air flow which takes up the powder and 
carries it out along the central cavity, from where it is inhaled directly upon the act of inhalation. 

European Patent Application No. 87850060 (Aktiebolaget Draco) filed after this application, describes an 
55 inhaler, whose working depends substantially upon the presence of deflector devices comprising helical 
elements intended to ensure effective disintegration of the powder aggregates into particles suitable for 
inhalation and for reaching the deeper parts of the respiratory tract. 

This apparatus does not in fact have any particular advantages compared to the device known 
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beforehand. 

The deflector devices do not constitute a real improvement, since the inhaler of British Patent No. 
2041763 already provides for the presence in the interior of the central conduit of helically extending blades 
to impart a turbulent motion to the powder composition. 
5 Moreover. Draco inhaler is characterized by a certain structural complexity and is particularly designed 

for the administration of small doses of powder, less than 1 mg upon each actuation. 

An inhaler of the multidose type in which the individual doses of powder are contained in each of a 
series of plastic blisters is described in Glaxo's EP 211595. 

This case also relates to a rather complex apparatus, the operation of which may present problems for 
io the patient and may be accompanied, as in. the case of the inhalers of type I, by disadvantages, such as 
incorrect opening of the container holding the drug, with a consequent lack of uniformity of the dosage and 
loss of the active powder in the interior of the internal cavity. 

The ideal inhaler, on the other hand, should allow for constant and correct administration of the drug, 
with minimum effort on the part of the patient. 
is A multidose device for the inhalation of powders of type II, if actually operational and well designed, has 
real advantages and is extremely suitable by virtue of its simplicity of operation (requiring no particular skill 
on the part of the patient), the constancy and reproducibility of the dose delivered by means of an efficient 
distribution system, and the absence of waste arising from the opening of a capsule or blister. 

This invention relates to a new powder inhaler designed to optimize the flow characteristics by reducing 
20 and redistributing the resistance to air flow, induced by the pressure drops created in the interior of the 
apparatus upon inhalation. 

In dry powder inhalers the drug is provided as a finely milled powder which consists of drug particles in 
large aggregates. Most of the particles are too large to penetrate into the lungs. The energy provided by the 
inspiratory flow rate has to break up the aggregates into small particles before they can be carried into the 
25 lower airways. The higher the flow rate, the larger the number of respirable drug particles. 

The construction of the powder device has a great effect on the redispersion of the small drug particles. 
Thus, the therapeutically significant lung deposition can be Enhanced by optimizing the powder device. 

In order to reduce the flow resistance of the air inhaled in the device of the invention, a particular study 
was made of the optimum dimensions of the centra! channel, both with respect to the width and with 
30 respect to the length in, absolute and in relation to the volume of the cavity of the nozzle. 

It was in fact demonstrated that in order to obtain good flow behaviour, the occurrence of pressure 
drops in the areas above the zone in which the powder is mixed with the air flow must be prevented as far 
as possible. 

To attain this aim, the length and the width of the central channel and the size of the cavity of the 
35 nozzle are of fundamental importance. 

The greater flow resistance is moreover to be localised in the lower part of the channel where the 
powder is mixed with the air flow, and more energy is required for the disaggregation of the particles. 
The invention will now be described in more detail with reference to the accompanying drawings. 
The inhaler, the longitudinal section of which is illustrated in Fig. 1. consists essentially of a nozzle 1, 
40 mounted on a main body, designated in general by the reference numeral 2. 

The nozzle 1 has an aperture 3 communicating with an internal cavity 4 tapering towards a circular hole 
5 in direct communication with the central channel 6. widening slightly in the direction opposite to the hole 
5, consisting of a tubular element 7 disposed axially relative to the body 2 and free to rotate relative to the 
latter with rotations through 180° alternately in one direction and in the other. This element 7 is integral with 
45 a crown 5' forming part of the nozzle 1 and defining the hole 5. The body 2 defines a storage chamber 8 for 
a powdered medicinal substance, the volume of this chamber advantageously being such that it contains a 
sufficient quantity of the drug for a complete treatment cycle. A closure element 9 defines the upper part of 
the chamber 8 and is inserted under pressure between the upper internal part of the body 2 and the central 
tubular element 7 by means of a plurality of sealing rings. 
so The lower part of the chamber 8 is defined by a base 10 connecting it to the wail 11 of the chamber 8 
by means of an inclined surface 12 forming, together with the base 10, a vertical annular surface 13. A do- 
sing hole 14 is provided on one side of the base 10, of a volume corresponding exactly to the dose of the 
drug to be delivered. 

The outer surface of the element 7 is provided with a longitudinal groove 15, engaged by a 
55 complementary relief formed on the inner surface of a further tubular element 16. 

The two elements 7 and 16 are firmly connected to one another both by the abovementioned groove 
system and by the presence of annular retaining reliefs on the outer surface of the element 7. 

A rotating diaphragm 17 is integral with the end part of the tubular element 16, bottom part, said 
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diaphragm being supported on the said base 10 and cooperating with the said annular surface 13, and 
being interrupted by a section of a length corresponding substantially to the length of the dosing hole 14. 

A dispensing disc 18 is keyed to the end part of the element 7, below the base 10 f said dispensing disc 
being provided with a dispensing hole 19 adapted to register, as will be described hereinafter, with the 
5 dosing hole 14. 

The dispensing disc 18 consists of two concentric semicircular sections of slightly different diameters, 
defining two diametrically opposite teeth. During the rotation of the disc, these teeth engage a projection 20 
provided below the body 2. 

This solution allows the dosing disc to rotate only through 180° alternately in one direction and in the 
w other. The base of the body 2 is inserted by means of a groove system into a larger cylindrical element 21 , 
on the outer surface of which, in the upper part thereof, is provided a thread, on to which the protective cap 
of the inhaler 22 is screwed. At the level of this thread, a plurality of slots 23 adapted for air intake are cut 
between the two cylindrical bodies 2 and 21 . These aspiration slots are in communication with a ventilation 
chamber 24 defined at the bottom by the base 25. the upper surface of which is labyrinth-shaped as a 
15 result of the presence of curved walls 26. 

The element 21 is provided with an internal chamber 27 which contains a suitable dehumidifying agent, 
such as silica gel, with a view to absorbing any moisture from the medicinal powder, thereby preventing the 
formation of agglomerates. 

This chamber 27 is in communication with the chamber 8 containing the powder by means of a plurality 
20 of slots 28. 

A small disc 29 of gas-permeable material is inserted between the lower surface of the base 25 and the 
upper surface of the chamber 27. 

Prior to initial use, the chamber 8 is filled with a sufficient quantity of the drug for a complete treatment 
cycle, the diaphragm 17 closing the dosing hole 14, which is then empty. 
25 Upon use, the user effects relative rotation of the nozzle 1 and the body 2. gripping the inhaler at the 
nozzle with one hand and at the base of the inhaler 21 with the other hand, so as to rotate the diaphragm 17 
and the dispensing disc 18 through 180°, until blockage by engagement of a tooth of the dispensing disc 
and the projection 20 provided on the base of the element 2. As a result of this first rotation, the dose is 
loaded into the hole 14. A second rotation through 180*. in the opposite direction to the first, results in 
30 registration of the dispensing hole 19 with the dosing hole 14, so as to discharge the dose into the 
ventilation chamber 24, from where it can be inhaled by means of the channel 6 and the nozzle 1 . 

During this second phase of rotation, the diaphragm 17 once again covers the dosing, hole, returning the 
apparatus to is initial state. 

The positions of the holes 19 and 14 can be seen more clearly in Fig. 2, showing a) at the top, a 
35 horizontal section of the body of the inhaler formed in correspondence with the base 10 and after removal 
of the diaphragm 17, and b) at the bottom, a top view of the dispensing disc 18. in the rest position, the 
holes 19 and 14 register with one another, but are separated by the diaphragm 17 which is itself provided 
with- a hole of corresponding length situated in the opposite position with respect to the holes 14 and 19. 
Figure 2 also shows the teeth provided in the dispensing disc 18 and the projection 20 provided on the 
40 base of the body of the inhaler, engaging alternately the said teeth, creating two closed positions, the first 
adapted for loading of the dose and the second adapted for dispensing of the dose into the chamber 24. 

Upon inhalation, a negative pressure is created in the chamber 24 in which the dose of powder 
delivered is collected, this negative pressure drawing an inflow of air from the outside into the interior of the 
said chamber, through the slots 23. 
45 The air flow is mixed with the powder and, by means of the central channel 6. carries it out as far as the 
cavity of the nozzle, from where it is directly inhaled. 

As already stated hereinbefore, the dimensions of the circular channel 6 are critical in order to obtain 
optimum flow characteristics. 

In the preferred embodiment of the invention, this central conduit has a diameter of between 3 and 5 
so mm and a height of between 2.5 and 4 cm. 

Disaggregation of the powder can be optionally further promoted by the presence in the cylindrical 
conduit 6 of helical blades 30 or a tapering zone 31. 

Solutions of this type are illustrated in Fig. 3. showing respectively: 
a) a longitudinal section and 
55 b) a top view of the helical blades; 

c) a longitudinal view of the circular tapering zone in the form of a Venturi tube, which, in a preferred 
embodiment of the invention, has an angle of 20° in the zone of convergence and an angle of 40° in the 
zone of divergence. 
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The advantages of the new inhaler, both with respect to the previous apparatus of the Applicant, forming 
the object of British Patent No. 2041763, and with respect to other inhalers described subsequently in other 
patents or patent applications, will be clear from the description and from the drawings. 

The most important feature is the improvement of the flow and the characteristics thereof, a number of 
s factors contributing to this to a greater or lesser extent, such as; 

- optimisation of the dimensions of the central channel, absolutely and in relation to the cavity of the 
nozzle; 

- enlarging the ventilation chamber which helps to reduce the flow resistance and to promote mixing of 
the air and the powder; 

w - the air intake system formed by a series of slots 23 provided in the external body 21 which are 
connected together to form a circular space between the main body 2 and the external body 21. 
This system of apertures has various technical advantages: 

a) it promotes the inflow of air from the outside and directs it into the ventilation chamber through 
corresponding slots provided in the lower part of the rotating body; 
75 b) accidental obstruction of the air flow as a result of incorrect positioning of the fingers on the part of the 
patient is rendered impossible; 

c) it completely prevents spillage of powder from the container, even if the said container is turned 
upside down. 

We calculated the flow characteristics of the inhaler in a preferred embodiment of the invention (A) in 
20 comparison with the inhaler of the British Patent n" 2041763 (B) by measuring the pressure drop in the 
apparatus. 

Calculations were performed for flow rates of 20, 40, 60 l/min and the following total pressure drops 
were calculated: 



25 



30. 



Flow rate l/min 

20 
40 
60 



Pressure drop (Pa) 
\ A B 

310 1670 

1455 6600 

4397 14800- 
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The pressure drop was distributed as follows: 
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Concent rical wall 
Bottom channel 
Cylindrical channel 



A 
24% 
31% 
4 5% 



B 
66% 
15% 

3% 



45 

From the calculations above it can be seen how a much better pressure drop distribution has been 
obtained. 

Moreover it has been surprisingly noticed that small differeces in the central channel, as for example 
the presence or the absence of a dot in the middle of the bottom, presence of restriction in the central 
so channel and small differences in the height of the channel cause considerable differences of pressure drop, 
as it can be seen by comparing 3 different apparatus, indicated as C, D, E. 
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Pressure Drop inhaler type C 
(restrictor in the central channel; no dot in the bot- 
tom) 

Flow rate (1/s) Pressure drop (Pa) 

17 887 
34 2982 

54 8849 
Pressure Drop inhaler type D 

(no restrictor; no dot in the bottom) 
Flow rate (1/s) Pressure drop (Pa) 

17 392 

34 1844 
53 5228 

Pressure Drop inhaler type E 
(as C, but with an height of the bottom channel increa- 
sed by 1 mm) * 

Flow rate (1/s) Pressure drop (Pa) 

17 736 

35 3551 

55 10539 



In addition to the particular flow characteristics, the inhaler of the invention offers other particularly 
useful technical solutions for the purposes of correct and reliable therapeutic use: 
1. simplicity of operation; 

40 2. uniformity of dosage, by virtue of the fact that it is possible to mix the active principle with a solid 
diluent such as lactose, thereby increasing the weight of the single dose, particularly of very active 
compounds used in very small doses; 

3. constancy and reproducibility of the dosage by virtue of the elimination of zones of friction as a result 
of the spillage capacity of powder: the powder in fact remains within well-defined zones and the 

45 distribution and dispensing system is such that it prevents occasional losses; 

4. adaptability of the apparatus to different dosage schemes and to different types of drugs by virtue of 
the fact that it is possible to vary the volume of the chamber as a function of the quantity by weight of 
powder, between 25 and 30 mg. This adaptability means that it is possible to use powders having 
different characteristics with respect to granulometry and density; 

so 5. reliability of the dosage by virtue of the delivery system of the dose, which comprises a first rotation 
through 180* in one direction for loading the powder into the dosing hole 14 and a second rotation 
through 180* in the opposite direction for dispensing the dose into the collecting chamber. This 
accuracy of movement prevents the accidental delivery of multiple doses. 

6. Inviolability of the container as a result of the system of assembly, such that once the various 
55 components of the main body are inserted, the positioning of the closure element 9 seals together ail of 

the parts of the body of the inhaler; 

7. possibility of removing the nozzle in a simple manner in order to clean it and, moreover, replacing it in 
a simple manner. 
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Claims 

1. Oevice for the administration of powdered medicinal substances, consisting of a nozzle (1) having an 
aperture (3) and a main body (2) which itself comprises a circular storage chamber (8) for the powder, 

5 a dosing means provided on the bottom of this chamber, consisting of a dosing hole (14) and a rotating 

dosing diaphragm (17), a dispensing system consisting of a disc (18) provided with a dispensing hole 
(19) and . a ventilation chamber (24) adapted to collect successive doses of the drug, this device being 
characterised in that the aperture of the nozzle is in direct communication with the ventilation chamber 
by means of a circular channel having a diameter of between 3 and 5 mm and a height of between 2.5 

io and 4 cm and disposed axially with respect to the body (2), and that the said ventilation chamber is 

itself in communication with the outside by means of a series of slots (23) provided in the external body 
of the device and connected together to form a circular space between the said external body and the 
main body (2). 

is 2. Device according to claim 1, characterised in that the distribution and dispensing of precise doses of 
the drug are controlled by relative rotation of the nozzle and the main body, itself integral with the 
storage chamber for the powder, in such a manner that a first rotation through 180° loads the powdered 
medicinal substance into the dosing hole -18- 

(14) and a second rotation through 180° in the opposite direction pours the dose delivered into the 
20 ventilation chamber. 

3. Device according to claims 1 and 2, characterised in that after the first rotation through 180°, the means 
is in a closed position defined by the engagement of one of the teeth of the dispensing disc (18) and 
the projection (20) provided on the base of the central body and that a second closed position is 

25 defined in an analogous manner, after the second rotation through 180° in the opposite direction, by the 

engagement of the other tooth in the abovementioned projection. 

4. Device according to claims 1 and 2, characterised ir? that the internal circular channel (6) has a 
contraction adapted to increase the turbulence of the air flow and to further promote the disaggregation 

oo of the powder. 

5- Device according to claims 1, 2 and 4, characterised in that the contraction of the internal circular 
channel is defined by the presence of helical blades (30). 

35 6. Device according to claims 1, 2 and 4, characterised in that the contraction of the internal circular 
channel is defined by the presence of a tapering zone (31) in the form of a Venturi tube. 

7. Device according to claims 1 to 6. characterised in that it is activated by an act of inhalation by the 
patient, creating a negative pressure in the interior of the chamber (24) into which the dose of the 

40 medicinal substance is dispensed and draws an inflow of air from the outside, through the slots (23), 

the said air flow entering the collecting chamber for the powder, mixing with the said powder and 
carrying it through the central channel to the cavity of the nozzle from where it is directly inhaled. 

8. Device according to claims 1 to 7 for the administration of drugs in the form of micronised powder for 
45 inhalation for the treatment of bronchopulmonary disorders. 
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